Abstract: Water, sanitation and hygiene (WASH) programs in African schools have received increased attention, particularly around the potential impact of poor menstrual
Introduction
Universal primary education is a Millennium Development Goal, and remains a key target for the post-2015 agenda [1] . The majority of children not enrolled in school are girls in sub-Saharan Africa, and globally 25% of students drop out of primary school before completion [2] . As schools have become a large focus of the international development agenda, increased efforts in research have attempted to describe how to maintain healthy school environments. Schools are a place of disease transmission among children and structural and educational improvements can reduce the spread of disease [3] . Water, sanitation and hygiene (WASH) interventions reduce morbidity and mortality caused by diarrheal illness [4] [5] [6] and have been associated with reduced risk of trachoma [7] , ascariasis infections [8] and acute respiratory infections [9] .
School absenteeism is an important proxy for both childhood disease and educational outcomes [10] . Clean drinking water in schools appears to impact student health and reduce absenteeism [11, 12] . Primary school access in Kenya has improved, increasing the importance of school services [13] , such as handwashing, which has been shown to reduce school absenteeism [14, 15] . One study demonstrated WASH interventions in schools reduced helminth re-infection in girls and boys in rural Kenya, and before-after cross-sectional surveys found improved WASH reduced absenteeism among girls [16] . Studies in the same area found that cleanliness of school latrines reduced the odds of pupil absence [17] , and that a comprehensive school WASH program may improve attendance and gender parity in primary schools [18] . Water access and good latrine conditions at school were found to be important aspects of the school environment for pre-pubescent and menstruating girls in Tanzania [19] , Kenya [20, 21] , and South Asia [22] ; however, a recent study in Malawi found no impact of school WASH conditions on girls' absenteeism [23] . A number of qualitative studies provide reports of the adverse impact poor WASH conditions have on girls' privacy and comfort at school [24] [25] [26] and lack of menstrual hygiene management (MHM) resources may affect girls' participation in school activities due to fear of leakage [20, 27] . Current findings highlight insufficient resources are available for menstruating girls in low-income countries, however reviews indicate insufficient research to clarify the impact of improved MHM on school or health parameters [28, 29] . Generally there is a lack of privacy and places to change, wash or dry (reusable) sanitary materials, difficulties properly disposing of sanitary materials, and a lack of water for washing [19, 30] . The majority of current data are self-reported and no known studies quantify specifically what schools do and do not have for menstruating girls.
In June 2012, we conducted a baseline cross-sectional survey of 62 primary schools in rural western Kenya to document the current WASH facilities and MHM resources available for menstruating girls. This survey was undertaken in preparation for a Menstrual Solutions Study in primary schools in rural western Kenya. While in western countries it is unusual to have a child aged over 12 years in primary school, close to a third of girls in the 62 rural Kenyan schools surveyed were 13 years and older, with three-quarters of girls aged 14-16 years having experienced three menses [31] . The aim of the Menstrual Solutions Study was to understand the acceptability, use and safety of various menstrual solutions within the context of the school environment, and to evaluate their potential impact on adolescent schoolgirls' schooling, health and well-being. The health, educational and social effects of poor conditions for menstrual hygiene management are still unclear, and additional research is needed [27, 28] . This paper examines structural WASH facilities available for menstruating girls in rural Kenyan schools to identify safety hazards and resource needs prior to implementation of MHM interventions.
Materials and Methods

Study Site and Population
The area under study is a site within the health and demographic surveillance system (HDSS) of the KEMRI, and CDC collaborative partnership [32] . Schools were all located in Gem District of Siaya County, a rural district in the north-western part of Nyanza Province, a few miles north of Lake Victoria, in western Kenya (Figure 1 ). The education system in Kenya consists of eight years of primary schooling, four years of secondary and four years of university [33] . On average nationally 83% of students attend public primary school with approximately 98% of children aged 6-16 years enrolled in public primary school in Nyanza Province [34] .
Study Design and School Sampling
A cross-sectional study of primary schools was conducted in one of the three sub-areas of the HDSS in Gem District. Gem was chosen due to having fewer current research projects than the other HDSS areas. In April 2012, the District Education Office compiled a list of all the 71 primary schools in the district that were also within the HDSS catchment area. The head teacher of each school was invited to an introductory meeting to discuss school-related collaborative studies. Schools that did not consent to the research either missed the introductory meeting, were a Catholic boarding school, or did not have grades 5-8 at their school, necessary for inclusion in the Menstrual Solutions Study. 
Data Collection
Data were captured from 62 eligible schools during unannounced visits by field staff in June 2012. Field staff with prior community expertise received a week-long training in WASH observational techniques and survey documentation using netbooks (2go TM Convertible Classmate PC). Survey instruments were generated after reviewing previous studies conducted in western Kenya on school WASH [12, 35, 36] . Head teachers (referred to as school respondents) provided information to the best of their knowledge on the availability of soap and water for handwashing, materials for latrine cleaning, menstrual products provided for girls, disposal of menstrual products, supply of water in girls' latrines and the infrastructure and program support received from Non-governmental organizations (NGOs). Structured observations of school facilities included presence of water and soap, privacy of girls' latrines and latrine type and conditions. Latrine conditions included record of the stability of the floor (slab), walls (holes/no holes), strong odor, a roof, door, lock on the door, and the presence of feces or pools of urine.
Concurrently, field staff aggregated data on pupil enrollment at the start of the school year from school registers. Data from paper registers, entered into netbooks by field staff, were downloaded weekly onto temporary hard drives before downloading at the KEMRI research station for incorporation into the HDSS data system.
Definitions of Indicators
Counts for the number of latrines used for data analysis included only those exclusively for girls and boys, excluding latrines intended for teachers and for mixed genders (there were four mixed-use latrines across all schools). Good latrine structural integrity was determined by evidence of all of the following: roof, walls with no holes, a door and stable floor slab. For latrines with good structural integrity, we additionally assessed their cleanliness (lack of strong smell, clean floor) and presence of a functional lock. Defining and agreeing on "strong smell" and "clean floor" were integral parts of the training to reduce observer bias of field staff. Latrines with structural integrity, locks and cleanliness were considered optimal conditions for student use. We categorized latrines as ventilated improved pit (VIP) latrines only if they had functioning vent pipes and screens. Schools having a private place for girls to wash or change were defined by having a washing or changing room specifically for girls, which at minimum comprised one girls' latrine with a lockable door. A target pupil-latrine ratio was set at 25:1 for girls and 30:1 for boys, following the Kenyan government guidelines [37] .
Data Processing and Analysis
Data on the number of pupils, obtained from school registers from the beginning of the school year (January 2012), were aggregated by gender and class (synonymous with year as schools had no more than one class per year group). The pupil: latrine ratio per school was generated from these registry data, divided by the number of observed pupil latrines per school.
Data were analyzed in SAS 9.3 (SAS Institute Inc., Cary, NC, USA). Differences between groups were determined using Yates uncorrected χ 2 test and the level of significance was set at 5% or less. Mantel-Haenszel Relative Risks (RR), with Taylor Series 95% confidence intervals (CI) were used to compare risk for various indicators with and without a specified exposure variable. Variables of interest were WASH conditions in schools; specifically for menstruating girls, and comparing those with and without NGO-supported WASH programs.
Ethical Considerations
Consent to conduct studies in the school was obtained from each head teacher prior to the start of unannounced WASH visits. Approval to conduct WASH and pupil attendance activities in schools within the HDSS area was received by the national ethics committee of the Kenyan Medical Research Institute (KEMRI#1801) and the US CDC Institutional Review Boards (IRB#3308).
Results
General Characteristics and School Population
The majority (53; 85%) of schools were located in rural areas, with 9 (15%) having houses on all sides and categorized as peri-urban. Schools are dispersed throughout the study site area, with sparse distribution in remote, hilly terrain. Across all schools, there was a median of 9 classrooms (range 5-20), 9 full-time teachers (6-21) and 3 part-time teachers (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Population data were available in 60 (97%) of the 62 schools. Across the 60 schools there was a total of 25,650 pupils, of whom 13,172 (51%) were boys and 12,478 (49%) were girls. While there were slightly more boys than girls in the upper classes (grades 5-8), differences were not significant, with a male to female ratio on average 1:1. The median pupil population in the schools was 383 (range 154-1107), with a median of 185 for girls (78-518) and 200 for boys (76-588). The median number of pupils (for both boys and girls) in classes 4, 5, 6 and 7 were similar. There was a large drop in pupil numbers in class 8, the last class in primary school, with 35% fewer boys and 37% fewer girls, relative to class 7.
WASH Facilities
There were a total of 798 sanitation facilities for students in the 62 schools surveyed (range 6-32). The majority (590; 74%) were pit latrines. The remainder were VIP (147; 18%), ecosan (4; 0.5%) or urinals (57; 7%). Urinals were predominantly for boys (53/59) with four for girls and two for teachers. Forty-two (68%) schools had at least one urinal available for boys and three schools had a girls' urinal. Of the three schools with urinals for girls, it was noted that one school had a urinal for girls and not for boys. The number of latrines for boys was 409 (median 6, range 2-20), with 389 for girls (median 6, range 2-15).
Of 798 sanitation facilities, 563 (71%) were in good structural condition; 181 (23%) had locks on the doors and 126 (16%) had locks and were clean. The average pupil-latrine ratio was 36:1. The average ratio was 37:1 for girls and 40:1 for boys. The Kenyan national target ratio for girls was met by 25 (40%) schools and 28 (45%) met the target ratio for boys. A quarter of schools met the target criteria for both boys and girls.
Forty-seven (75%) schools had handwashing facilities ( Table 1 ). The majority (73%) of handwashing stations were located near the classrooms, while the rest were located in or near latrines. Many schools had multiple handwashing stations, with a median of two and a range of 0-10. Most handwashing facilities were a container with a tap, with tippy-taps also seen in seven (11%) schools. Forty-one (66%) schools had handwashing water available for pupil use as observed on the unannounced arrival of field staff. For the day surveyed, water was reported to be available by the school respondent in 44 (71%) schools. Out of all schools 40 (64%) respondents reported water as "always" available and 8 (13%) reported it is "sometimes" available. Just under a quarter (23%) reported "never" having water available. Out of the 62 schools visited, soap was observed next to handwashing containers in only one (2%) school; however head teachers in six schools (10%) reported that soap is always available. In 52 (84%) schools it was reported that soap was never available. Supplies for latrine cleaning, such as disinfectant, detergent and brooms, were observed in eight (13%) schools.
WASH Facilities and MHM for Menstruating Girls
Although 41 (66%) schools had water (for handwashing), only 8 (13%) schools were observed to have provided water in or very near the girls' latrines. Reported rates were higher with 30 (49%) schools reporting water was "always" provided in or very near girls' latrines, 7 (11%) "sometimes" provided, and 25 (40%) schools "never" provided (Table 1) . Fifty-two (84%) schools had girls' latrines in a separate latrine block from boys' latrines and 20 (32%) schools had a private place for girls to change. Six (10%) school respondents reported that sanitary pads were "always" provided to girls; however these pads were given to the school by an NGO. Seventeen (27%) schools "sometimes" provided pads and 39 (63%) schools report that they were "never" able to provide pads. School respondents reported pad disposal as follows: in the latrines, 6 schools (10%), girls carried them home, 6 schools (10%), burned in rubbish pit, 1 school (1%), unknown, 17 schools (27%), no answer provided, 32 schools (52%).
WASH Support from Non-governmental organizations (NGOs)
Eighteen different NGOs were reported to have worked in study schools in the past five years. Of 62 schools, 47 (76%) reported receiving WASH support from an NGO in the form of handwashing promotion and materials, construction or rehabilitation of latrines and water sources, or any combination of the above. Schools receiving water and hygiene support (no latrine support) from an NGO were significantly more likely than schools not receiving this assistance to have: water for handwashing, a handwashing facility at the school, handwashing water reported as "always" available, reported providing washing water for girls, and clean latrines ( Table 2) . Schools receiving latrine assistance from NGOs were more likely to have VIP latrines (Table 3) . No significant differences were observed for schools receiving latrine assistance from NGOs in terms of structural integrity, cleanliness or latrine: pupil ratio (Table 3) . interval. Denominator values are total schools (n = 62), or total latrines (n = 798). Schools report receiving assistance in the form of rainwater harvesting system, borehole, water tank, handwashing promotion, or containers. Table 3 . Association between latrine conditions in schools and whether latrines were provided by NGOs. Notes: P is p-value for Yates uncorrected χ 2 test; RR is risk ratio; CI is 95% confidence interval.
Schools Reported Receiving Latrines from NGO
Denominator values are total number of latrines (n = 798) or total schools (n = 60). Two schools did not have a registry so were excluded from analysis. †VIP latrines more commonly seen compared to other types (pit, ecosan).
Discussion
This study demonstrates that the WASH conditions in the majority of rural Kenyan primary schools studied are insufficient for the MHM needs of menstruating girls. Sub-optimal WASH conditions in schools may hinder girls' ability to concentrate in class, attend school when menstruating, or at worst drop out of school completely [19, 21, 22, 38, 39] . Qualitative findings from our Menstrual Solutions Study at baseline found menstruating girls in these same rural primary schools have struggled with accessing appropriate materials for managing their menses, and require privacy in latrines and water for cleaning hands and washing due to leakage [20] . While 66% of schools provided handwashing water, only one provided soap. Handwashing with soap is generally more effective than water alone [40, 41] and girls need soap more often during menstruation to wash soiled hands and clothes to maintain hygiene [25] . Less than half of schools met the standard pupil-latrine ratios for girls, and only one third of schools had a private, lockable place for girls to wash or change while at school. Very few schools had latrines that were in good condition, with locks and were clean. Appropriate, easy and discrete disposal of used sanitary items, an important provision for girls while at school [20, 27, 29] was inconsistent, unknown to head teachers, or unsustainable across study schools.
There are several possible explanations for these findings. One potential explanation may be that the government of Kenya does not provide schools with sufficient resources for constructing WASH facilities; as funds given to schools are mainly for repairing existing infrastructure [42] . Consequently, there is a dependence on NGOs for such facilities, as the schools with recent donations from NGOs were significantly more likely to have facilities. Second, maintenance of facilities is a challenge for these schools, as less than 25% of latrines had locks and only 16% were clean. One reason for poor maintenance might be because the schools do not receive enough funds from the government to cover repairs and other recurrent costs, demonstrated by the mere 13% of schools with latrine cleaning supplies.
Other reasons for poor maintenance may be the lack of prioritization of WASH facilities, either because teachers have minimal awareness of their importance, because there is no monitoring or oversight of the facilities, because teachers' roles with regard to WASH are not defined, or they are overburdened and cannot take on additional responsibilities for monitoring the WASH conditions [35] . Over-reporting of actual conditions (specifically in schools with active NGO programs), may demonstrate that teachers understand the importance of maintaining water in latrines for girls and handwashing water and soap in schools, but there are inadequate resources to provide these facilities, or inadequate training on how to maintain them.
A number of studies indicate that the above water, sanitation and hygiene components are necessary for girls to feel more clean, comfortable and confident at school [19, 21, 25, 26, 38, 43] ; however a more rigorous understanding of how these components affect girls' participation and attendance in school is still lacking [27, 28] . In spite of the lack of studies to date on the magnitude of effects poor MHM facilities have for menstruating girls; all girls deserve to have access to safe and private facilities while at school [44] . Online materials have now been developed to provide guidance on how to improve menstrual hygiene for girls in schools [25] . It is encouraging that schools with NGO WASH programs had better conditions for girls, however renewed investments in school WASH need to consider provisions which strengthen educational opportunities for girls, effective and consistent service delivery, and program sustainability to benefit all school children in the long term [35, 45, 46] . Further, evidence is accumulating on the importance of WASH to increase the likelihood of retaining girls' in schools [16, 47] .
It has yet to be established whether this is menstrual specific or relates to a broader need of girls safety, wellbeing and hygiene needs [20] .
There are a number of limitations to this study. First, while cultural attitudes and support for girls to deal with menstrual issues is a central component of our overall Menstrual Solutions Study, data reported here covers pre-intervention activities focusing on facilities only. A separate baseline qualitative component of the Menstrual Solutions Study examined girls' needs, identifying poor preparedness for menarche, lack of proper knowledge and resources to safely and effectively manage their menstruation [20] . After baseline we addressed needs through the provision of puberty education to all eligible girls, and then allocated school nurses to all study schools to provide guidance and counseling to girls. Second, data were collected during one day (differing by school) and information acquired on that specific day may not necessarily represent the daily WASH conditions at each school. We minimized this bias by making unannounced visits providing the best opportunity available to document routine practice. Third, the WASH conditions as reported by head teachers were found to be less accurate than those recorded through observation as demonstrated by the poor agreement between those reporting provision of water for girls in latrines (30 schools) and those observed to have done so (8 schools). Fourth, the small school sample size (62 schools) was powered for the Menstrual Solutions Study (individual girls), which hindered our ability to examine statistical differences at the school level between all reported and observed indicators (for example, soap seen in 1 school, but reported "always" available in 6 schools). Fifth, latrine indicators were observed by field staff and there may have been slight variation in each staff's individual interpretation of conditions; however we attempted to minimize this by providing a rigorous training course which included two rounds of group piloting in (non-study) schools. The reported number of VIP latrines (versus regular pit latrines) is likely lower than might be expected due to the strict definition we set. The data we collected on NGO WASH support in the schools was not specific enough to distinguish between programs that were implemented one year ago and those that were implemented five years ago, thus limiting our ability to draw conclusions on program sustainability. Finally, for this paper we focused on the work of NGOs working in WASH, rather than more disparate measures from local government inputs which tended to be across all schools, but could have varied by school.
Conclusion
Students deserve to learn in healthy environments with access to acceptable WASH facilities. However, MHM facilities for menstruating girls in primary schools in rural Kenya are insufficient and improved access to basic resources is required. Schools with support from NGOs had better conditions overall, including for girls, than those without. Additional resources, training and monitoring in schools are needed to ensure essentials such as soap, water, and clean, private latrines are consistently available to all pupils.
